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RESUME 
Sur la base de résultats d’études élargies sur sites et de simulations mathématiques, 
une nouvelle méthode pratique de chasses pour le nettoyage d'égout a été dévelop-
pée. L'objectif du nouveau procédé de planification est d'améliorer la pratique actuelle 
de nettoyage des réseaux d'égout. La procédure est centrée sur la composition d'un 
programme de rinçage spécifique au problème en trois parties : la détermination des 
valeurs (de base) initiales des paramètres de dimensionnement de la hauteur du 
barrage (H0) et du volume de chasse (V0), l'adaptation des valeurs initiales si les 
conditions limites structurelles l’exigent et la configuration des vagues de chasse par 
connaissance empirique. L’utilisation d’une nouvelle méthode est en premier lieu 
limitée à l’utilisation des dispositifs d’activation du volume de stockage aux entrées 
d’égout circulaires. 
ABSTRACT 
Based on results of extensive field studies and mathematical simulations a new prac-
tical method to plan flushing measures for sewer cleaning has been developed. Ob-
jective of the new planning procedure is to improve the current practice of cleaning 
sewer networks. In focus of the procedure stands the composition of a problem-
specific flushing program consisting of three parts: the determination of start (basic) 
values of the dimensioning parameters dam-height (H0) and flushing volume (V0), the 
adaptation of the basic values if structural boundary conditions demand it and the 
configuration of flushing waves by empirical knowledge. The use of the new method 
is primarily restricted to the operation of storage-volume-activating-devices in man-
entry-sewers with circular cross-sections. 
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1 INTRODUCTION 
The formation of deposit in sewer networks cause several problems for operation and 
maintenance of wastewater facilities and water quality (e. g. Ashley et al., 2004; Fan, 
2004; Ristenpart, 1994; Crabtree, 1988). Due to economical aspects deposit usually 
cannot be avoided completely by planning measures thus cleaning of sewers and 
structures within the sewage system has to be carried out regularly. Taking into ac-
count that sediments build up in sewers quasi-continuously a proper cleaning has to 
take place in short intervals. Nowadays the most common procedure of high pressure 
cleaning is not feasible to maintain clean sewers promptly. In contrast the flushing 
method offers today the possibility to remove deposit contemporarily or to prevent 
their formation by inserting automatically operating devices. Field and laboratory 
experiments (e. g. Bertrand-Krajewski et al.; 2005; Dettmar, 2005; Laplace et 
al., 2002; Chebbo et al., 1996) have proved that flushing by applying such appara-
tuses is an efficient and economical cleaning method when certain boundary condi-
tions will be observed. However planning guidelines for flushing have been missing 
mostly. Campisano et al. (2005) only report from a dimensionless approach to deter-
mine the number of flushing waves depending on local circumstances. 
Objective of the new planning procedure is to improve the present practice of clean-
ing sewer networks. The procedure focuses on the composition of a problem-specific 
flushing program consisting of three parts: the determination of start (basic) values of 
the dimensioning parameters dam-height (H0) and flushing volume (V0), the adapta-
tion of the basic values if structural boundary conditions demand it and the configura-
tion of flushing waves by empirical knowledge. 
2 BASICS OF SEWER FLUSHING 
Essential boundary conditions for a successful flushing of sewers are 
• sufficient availability of flushing water, 
• mostly unimpeded propagation of generated flushing waves and 
• predominantly not solidified deposit. 
The flushing primarily takes place in dry weather times by retaining the sewage flow 
in sewers. To limit the period of retaining a minimum of dry weather flow must be 
available. A water level higher than 0.1 m on the flushing line decreases the cleaning 
performance of the waves significantly (Chebbo et al., 1996). An other basic premise 
for a successful application of sewer flushing is to use suitable devices. During the 
last years developed flushing devices are able to activate several flushing waves per 
day and consequently they can keep sewers free of deposit enduringly. These new 
devices work with or without extraneous energy. They may be classified according to 
their constructions into groups (Dettmar, 2005). One of them is composed of so called 
storage-volume-activating-devices (SVAD), e. g. gates, slide valves or dip weirs. All 
SVAD have a locking facility to retain sewage water temporarily and to activate pre-
sent sewer storage upstream of the facility. 
The flushing process can be divided into four phases: the closing phase, the storage 
phase, the opening (initial) phase and the flushing phase. 
Important for the composition of a proper flushing program is to consider the type of 
cleaning. The new procedure differentiate between basic and preventive cleaning. By 
basic cleaning usually sediments accumulated in periods of months or years have to 
be removed. Such material owns a certain consolidation and solidification. At preven-
tive cleaning a regular removal of deposit in hour intervals take place. This material is 
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typically unconsolidated and/or unsolidified. Therefore the flushing offers a time near 
remobilisation of deposit and/or the supply of durably deposit-free sewers. 
3 FIELD STUDIES AND NUMERICAL MODELLING 
3.1 Field Studies 
Field studies were accomplished in several combined sewers by using different flush-
ing devices to get data for validation of the new planning procedure (Dettmar, 2005). 
By means of flushing experiments basic and preventive cleaning situations were 
regarded in man-entry-sewers of combined systems. Depending on several local 
circumstances the cleaning performance was proved on the basis of achieved flush-
ing length. 
3.2 Numerical Modelling 
The numerical simulation was restricted to the initial- and the flushing-phase. The 
release of the stored sewage in the initial-phase induced to the opening of SVAD was 
simulated like a dam-break. In the flushing-phase the model simulates the propaga-
tion of flushing waves. Bottom shear stresses were calculated along the flushing line 
in order to determine the cleaning performance of flushing waves generated by vari-
ous activated storage volumes. If the bottom shear stress exceeds critical values for 
erosion, it is assumed that cleaning processes take place. In accordance to values of 
literature (e. g. Ristenpart, 1996) a critical shear stress of 5 N/m² for basic cleaning 
and a critical shear stress of 3 N/m² for preventive cleaning have been supposed. 
3.2.1 Simulation program 
The simulations were carried out with an one-dimensional transient numerical pro-
gram designed by Schramm (2002). The program has been developed to calculate 
transient flows in complex geometric environments and steep slopes. For modelling 
flow discontinuities (e. g. initial-phase) the conservative method of Godunov was 
implemented. Therefore the model solves the full De-Saint-Venant equations with the 
method of finite volumes. The advantages of the numerical model lie within solving 
discontinuities by tracking entropy and using the Riemann solver. The bottom shear 
stress are calculated simplified with the formula for steady flow. 
3.2.2 Scope of simulation 
Simulations have been carried out for sewer sections with different lengths, circular 
cross-sections with downstream diameter (dd) from 0.8 (0.9) up to 3.0 m and several 
flushing volumes. The upstream diameter (du) in the storage section was 0.6 (0.7) - 
2.5 m (figure 1). This was done to consider the increase of sewer diameters toward 
the waste water treatment plant. Consequently the regarded dimensions predomi-
nantly belong to man-entry-sewers. The formation of sediments often takes place in 
very flat and horizontal sewer sections. Therefore the bottom of flushing line was 
adopted horizontal. The flushing device should be positioned ideally in front of de-
posit. It may be assumed that upstream of the device the bottom slope (S) is sufficient 
steeply for solid transport. Therefore the bottom slope of the storage section is sup-
posed with a constant value of 5 ‰. The roughness k is assumed with a constant 
value of 1.5 mm for simulation. Calibrations of flushing waves by using measured 
water level show, that this attempt is a convenient selection (Dettmar et al., 2004). 
Figure 1 presents the system regarded and the fundamental assumptions of model-
ling. 
Considering local circumstances in sewers, the geometry of the flushing volume (V) 
has been varied in dam-height (H) and storage length. 
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S = 5 ‰











Figure 1. System and basic assumptions for modelling with. 
3.2.3 Results of modelling 
Fundamental results of modelling are prepared in the tables of figure 2. Presented are 
the calculated flushing lengths (L) depending on dam-heights (H0) and flushing vol-
umes (V0) for different boundary conditions. Furthermore the discharge peak at the 
end of flushing line is indicated. The values in the tables were rounded and can use to 
dimension the flushing volume. The flushing lengths were estimated up to 1,000 m for 
basic cleaning (figure 2) and for preventive cleaning up to 1,700 m. The tables to plan 
measures for preventive cleaning are not presented. On this it is referred to Dett-
mar (2005). 
The results of numerical modelling (Dettmar et al., 2005) have shown also, that the 
influence of dam-height on the flushing length is more dominant than of the flushing 
volume. Subsequently it seems correct to reduce the flushing volume V0 by simulta-
neously increasing the dam-height in certain boundaries, if local circumstances re-
quire it. From the findings of a geometry variation a simple formula (equation 1) for 






HV •=  ;  i = 1, 2, . . . ;  0 < Vi < V0 ;  H0 < Hi < du ;  L = const. (1) 
With Vi = reduced necessary volume, Hi = increased necessary dam-height, 
V0 = necessary start volume and H0 = necessary start dam-height. 
4 PLANNING PROCEDERE 
The planning procedure composes three parts. At first start values of the geometry of 
flushing volume (H0, V0) are to determine. Afterwards it is possible to adopt the values 
corresponding the local circumstances. Then a configuration of flushing waves should 
follow. In focus of the new method stands the dimensioning of the flushing volume of 
a single wave. 
4.1 Determination of start values 
The start values are to determine with the following steps like shown in the cycle 
scheme of figure 3. Necessary dam-heights and flushing volumes may be determined 
by dimensioning tables (figure 2) depending on the size of present cross-section and 
demanded flushing length. Reflection of flushing waves and backwater caused by 
throttles at sewer outlets lead to re-sedimentation. Such hydraulic appearances 
should be avoided. Therefore the new method is able to consider throttles at outlets 
by adapting the discharge of a wave to the maximum gravity flow of the throttle. 
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                       Length [m]
Diameter [m] 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
0.9 65
1.0 65 75
1.2 60 75 90
1.3 60 75 85 100
1.4 60 75 85 95 110
1.5 60 75 85 95 105 115
1.6 60 70 85 95 105 115 125
1.8 60 70 85 95 105 115 125 135 140
1.9 60 70 80 95 105 115 120 130 140 150
2.0 60 70 80 90 100 110 120 130 140 150 160
2.1 60 70 80 90 100 110 120 130 140 150 155 165 170
2.2 60 70 80 90 100 110 120 130 135 145 155 160 170 180
2.4 60 70 80 90 100 110 120 130 135 145 155 160 170 180 190
2.5 60 70 80 90 100 110 120 130 135 145 150 160 170 175 185 195 200
2.6 60 70 80 90 100 110 120 125 135 145 150 160 170 175 185 190 200 205
2.7 60 70 80 90 100 110 120 125 135 145 150 160 165 175 180 190 195 205 215
2.8 60 70 80 90 100 110 120 125 135 145 150 160 165 175 180 190 195 205 210
2.9 60 70 80 90 100 110 115 125 135 140 150 160 165 175 180 190 195 205 210
3.0 60 70 80 90 100 110 115 125 135 140 150 155 165 170 180 190 195 205 210
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Dam-height [cm]
τ0 < 5 N/m²
 
                       Length [m]
Diameter [m] 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
0.9 23
1.0 26 35
1.2 24 39 57
1.3 26 42 56 79
1.4 27 46 60 77 105
1.5 29 48 64 83 103 124
1.6 30 44 68 88 110 134 159
1.8 32 46 72 93 116 142 170 200 216
1.9 33 48 65 98 123 150 165 197 230 265
2.0 34 50 68 90 115 143 174 207 244 282 322
2.1 36 52 71 94 120 149 182 218 256 298 319 363 386
2.2 37 53 74 97 124 155 190 227 247 290 335 359 408 458
2.4 38 55 76 101 129 161 197 237 258 302 350 376 428 482 539
2.5 39 57 78 104 133 167 204 245 268 315 339 392 447 476 535 597 628
2.6 40 59 81 107 138 172 211 232 277 326 352 407 465 496 559 592 659 693
2.7 41 60 83 110 142 177 218 239 286 337 364 422 452 515 548 616 651 724 798
2.8 42 62 85 113 146 183 224 247 295 348 376 436 467 533 567 639 676 753 792
2.9 44 63 87 116 150 188 208 254 304 330 388 449 482 551 586 661 700 781 822
3.0 45 65 90 119 153 192 214 260 312 340 399 430 496 531 605 683 723 807 851
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Flushing volume [m³]
τ0 < 5 N/m²
 
                       Length [m]
Diameter [m] 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
0.9 88
1.0 101 97
1.2 90 110 130
1.3 99 123 124 147
1.4 108 135 137 140 167
1.5 116 146 149 154 160 167
1.6 125 127 162 168 174 183 191
1.8 132 134 172 180 188 198 207 218 199
1.9 139 142 150 192 203 213 193 205 218 229
2.0 146 150 159 169 181 194 207 221 235 249 262
2.1 153 158 168 179 192 206 221 236 252 268 253 268 250
2.2 160 165 176 189 203 218 234 251 236 253 271 255 272 286
2.4 166 172 183 197 213 230 247 265 249 268 287 271 291 308 324
2.5 172 179 191 207 223 241 260 279 263 283 267 288 309 297 316 334 318
2.6 179 186 199 215 233 253 273 256 277 299 282 304 327 315 337 323 342 329
2.7 183 193 207 224 243 264 285 268 291 314 296 321 308 333 319 343 332 353 373
2.8 188 199 214 232 253 275 298 280 304 304 311 337 324 350 336 362 352 376 362
2.9 194 205 221 240 262 285 267 291 317 298 325 353 339 367 352 380 370 397 384
3.0 199 211 228 248 271 296 277 303 330 311 339 326 355 340 369 399 388 418 405
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Peak of discharge at the end of flushing length [l/s] 
τ0 < 5 N/m²
 
Figure 2: Start values for dimensioning flushing waves for basic cleaning. 
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S T E P  1
Start of dimensioning
S T E P 2
Verification of flushing volume
Determination of available flushing volume (Vava) of dam-height from (H0)
by using planning data and chosen position of flushing device
Vava< V0
Displacing flushing device and/or increasing dam-height (H0)
yes
Throttle at end of sewer ?
no
Tables from modelling
in: type of cleaning, present diameter, demanded flushing length (L)
out: necessary dam-height (H0), necessary flushing volume (V0)
Determination of dam-height (H0) and flushing volume (V0)
yes
Verification of discharge at the throttle
S T E P   3
no
Tables from modelling
in: type of cleaning, present diameter, demanded flushing length (L) 
out: maximum of wave discharge at the end of flushing line (max QL)
max QL > max QT
if necessary: added cleaning measures or modification of outlet construction
yes
no
Determination of maximum gravity discharge at the throttle (max QT)
End of dimensioning  
Figure 3. Cycle to determine start values for dimensioning the volume of flushing waves for basic 
and preventive cleaning. 
The procedure also offers a separate application for basic and preventive cleaning 
measures. If the proof of necessary flushing volume cannot be achieved, it is also 
possible to reduce the needed volume by changing its geometry. 
4.2 Adaptation of flushing volume 
The adaptation process composes a reducing of the necessary (basic) flushing vol-
ume (V0) and an increasing of the necessary (basic) dam-height (H0) according to 
equation 1. The flushing length nearly keeps constant. Altering these dimensioning 
parameters can be useful if the verification of flushing volume in step 2 of figure 3 is 
not possible due to local structural circumstances. Starting with the basic values (H0, 
V0) it is possible to adopt the dimensioning parameters to real conditions in sewers 
like shown in figure 4, e. g. for volume 1 (V1) or volume 2 (V2). The new necessary 
volume (V1, V2) has to be less than the available volume in sewers. 
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Figure 4: Example scheme for adaptation of the flushing volume. 
If a throttle exists at the end of flushing line, as in a combined sewer with storage 
capacity, than the waves discharge of the volume with the new dam-height (H1, H2) 
should to be less than the maximum gravity flow of the throttle. If either the necessary 
dam-height or flushing volume cannot be provided, flushing could be difficult. 
4.3 Configuration of flushing waves 
A long-term effectually sewer flushing demands the composition of a flushing program 
depending on local circumstances. Therefore the dimensioned waves are to arrange 
by empirical knowledge and/or measured values parted in basic and preventive 
cleaning. Basic cleaning measures may need several hundred flushing waves. It 
should be adjusted to so many waves per day as possible. As basic cleaning is usu-
ally an unique process, the number of necessary flushing waves is less meaningful. It 
can be estimated roughly by the method of Campisano et al. (2005). The following 
preventive cleaning should be carried out durably. The number of waves to generate 
depends on type, amount and formation of deposit. In combined sewers flushing has 
to be differentiated between dry weather times and runoff events. During dry weather 
times typically 1 - 3 waves per day are sufficient. They have to be created distributed 
over the day in accordance to the dry weather flow. At the end of a runoff event 2 
waves are needed in average. They are to excite directly after each other. 
5 VALIDATION AND DISCUSSION 
A comparison of computed and measured flushing lengths (L), dam-heights (H) and 
flushing volumes (V) from basic and preventive cleaning investigations in table 1 
shows that the values are in a similar order of magnitude. 
No. Type Diameter [m] H [m] V [m³] L [m] 
Type of 
cleaning 




0.70 50 150 
Basic 
Study 2) 2.5 - 3.4 1.20 188 > 300 
2 
Dim. 3.0 1.00 153 300 
Basic 




0.90 57 200 
Basic 
Study 3) 1.0/1.9 1) 0.93 90 180 
4 
Dim. 1.3 0.85 56 200 
Basic 
Study 2) 2.5 - 3.4  1.00 138 > 300 
5 
Dim. 3.0 0.80 90 300 
Preventive 
Study 4) 1.2/1.8 1) 0.72 15.4 110 
6 
Dim. 1.4 0.75 46 150 
Basic 
Dim. = Dimensioning accordant tables in figure 2 
1) egg-shape section; 2) Dettmar (2005); 3) Lainé et al. (1996); 4) Chebbo et al. (1996)  
Table 1. Comparison of flushing results of field studies and dimensioning. 
Although few dam-heights and flushing volumes are different, the flushing lengths 
provide a confirmation for acquirable cleaning distances over 300 m. Besides, the 
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results of simulations are laying on “safety side”, because the assumptions for the 
numerical modelling in regard to bottom slope and bottom shear stress are rather 
unfavourably. According to Bareš et al. (2005) bottom shear stresses calculated with 
steady flow formula underestimate the reality values if the flow is transient. 
Such a validation of simulation results is difficult, because the numeric modelling 
permits an accurate determination of flushing lengths, however, field studies can not 
deliver reliable results about maximum cleaning distances due to the complexity of 
boundary conditions. By present circumstances solely an attained flushing distance 
may be detected by the means of measurement. Therefore in framework of validation 
a proving of plausibility of size class of flushing lengths takes place. 
6 CONCLUSIONS 
Today the flushing is an alternative for cleaning sewers and sewer systems. Premise 
for a long-term successful cleaning is a systematically realisation of flushing meas-
ures. Therefore a new planning procedure composed on three parts has been devel-
oped. It offers the possibility to optimize sewer flushing and sewer management. The 
method based on results of numerical simulations and field studies. Due to the varia-
tion of hydraulic and structural boundary conditions the procedure permits a problem-
specific design of flushing programs. Because of the new quality of cleaning with 
flushing it may be expected that be obtained lasting improvements on water pollution 
control as well as on operation and maintenance of sewers and treatment plants. 
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